Attorney Docket No. 047177-91 12 

REFRIGERATION UNIT HAVING A LINEAR COMPRESSOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to a refrigerator having a linear compressor. 
BACKGROUND 

[0002J Supermarket refrigeration has traditionally been accomplished via centralized parallel 
compressor systems with long liquid and suction branches piped to and from the evaporators in 
the refrigerated display cases. One example of a refrigeration system including a parallel 
compressor system is described in U.S. Patent Application Publication No. 2002/0020175, 
published February 21, 2002, the content of which is incorporated herein by reference. The 
parallel compressor configuration allows for stepwise capacity modulation via compressor 
cycling. One typical disadvantage with these systems is that the compressors generate large 
amounts of acoustic noise. Remotely locating elements (e.g., compressors, condensers) of the 
system solves the problem of acoustic noise in the retail sales area. However, the remote 
location results in expensive field piping, large refrigerant charge and leakage, and parasitic 
heating of the liquid and suction piping. 

[0003] An alternative to the large, centralized parallel rack refrigeration system is a system 
used by supermarkets typically referred to as a distributed refrigeration system. An example of a 
distributed refrigeration system is disclosed in U.S. Patent No. 5,440,894, issued August 15, 
1995, the content of which is incorporated herein by reference. The distributed system is 
intended for cooling a plurality of fixtures in multiple cooling zones within a shopping area of a 
food store. The system comprises a condensing unit rack configured to accommodate the 
maximum refrigeration loads of the associated zones and being constructed to support the 
components of a closed refrigeration circuit including a plurality of multiplexed compressors and 
associated high side and low side refrigerant delivery. The system also comprises a suction 
header extending from the rack and being operatively connected to one or more evaporators. 
The system also has a condenser with a cooling source remote from the compressor rack but 
operatively configured to provide a heat exchange relationship. While the distributed 
refrigeration system is typically closer to the loads (e.g., the merchandisers) as compared to the 
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centralized system, the remote location of the components of the distributed system results in 
increased field piping, excess refrigerant charge and leakage, and some parasitic heating. 

[0004] Another alternative to the above systems includes a self-contained, refrigeration 
display merchandiser comprising multiple horizontal scroll compressors. One example of such a 
merchandiser is described in U.S. Patent No. 6,381,972 Bl, issued May 7, 2002, the content of 
which is incorporated herein by reference. The self-contained merchandiser comprising multiple 
horizontal scroll compressors are relatively quiet when mounted in an insulated box, but lack an 
efficient low-cost capacity modulation scheme. 

[0005] A yet another alternative to the above systems include a self-contained, refrigerated 
display merchandiser having a single reciprocating compressor. The self-contained, refrigerated 
display case results in little or no field piping, thereby overcoming some of the above-discussed 
disadvantages of the above systems. However, two disadvantages associated with a self- 
contained, refrigerated display case having a single reciprocating compressor are that the 
reciprocating compressor generates too much acoustic noise for the sale floor of the supermarket, 
and that the unit does not allow for variable capacity control. Because of the lack of variable 
capacity control, the compressor may perform unnecessary cycling, which may be detrimental to 
the stored commodity (e.g., sensitive food products) refrigerated by the merchandiser. 

[0006] It would be beneficial to have another alternative to the above systems and units. 

SUMMARY 

[0007] In one embodiment, the invention provides a refrigeration merchandiser including at 
least one surface at least partially defining an environmental space adapted to accommodate a 
commodity. The merchandiser includes a linear compressor, a condenser, an expansion device, 
and an evaporator. The linear compressor, which can be a free-piston linear compressor having 
dual-opposing pistons, the condenser, the expansion valve and the evaporator are all in fluid 
communication. The evaporator is in thermal communication with the environmental space to 
influence the temperature of the environmental space. The merchandiser also includes a frame 
supporting the at least one surface, the linear compressor, the condenser, the expansion device, 
and the evaporator. 
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[0008] In another embodiment, the invention provides a refrigerator having at least one 
surface at least partially defining an environmental space, a linear compressor, a fluid-cooled 
condenser, an expansion device, and an evaporator. The linear compressor, the fluid-cooled 
condenser, the expansion device, and the evaporator are all in fluid communication. The 
refrigerator further includes a fluid-input line and a fluid-output line, both of which are in fluid 
communication with the fluid-cooled condenser. The refrigerator also includes a frame 
supporting the at least one surface, the fluid-input line, the fluid-output line, the compressor, the 
condenser, the expansion device, and the evaporator. 

[0009] Features and advantages of the invention will become apparent to those skilled in the 
art upon review of the following detailed description, claims, and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is a perspective view of a refrigeration merchandiser incorporating the 
invention. 

[0011] Fig. 2 is a perspective view of the refrigeration merchandiser of Fig. 1 and further 
showing the elements of the refrigeration cycle of the merchandiser. 

[0012] Fig. 3 is a schematic diagram representing the refrigeration cycle of the refrigeration 
merchandiser of Fig. 1. 

[0013] Fig. 4 is a sectional view of a dual opposing, free-piston linear compressor used in the 
refrigeration unit of Fig. 1 and shows the compressor at an intake stroke. 

[0014] Fig. 5 is a sectional view of a dual opposing, free-piston linear compressor used in the 
refrigeration unit of Fig. 1 and shows the compressor at neutral. 

[0015] Fig. 6 is a sectional view of a dual opposing, free-piston linear compressor used in the 
refrigeration unit of Fig. 1 and shows the compressor at a compression stroke. 
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DETAILED DESCRIPTION 

[0016] Before any aspects of the invention are explained in detail, it is to be understood that 
the invention is not limited in its application to the details of construction and the arrangement of 
components set forth in the following description or illustrated in the following drawings. The 
invention is capable of other embodiments and of being practiced or of being carried out in 
various ways. Also, it is to be understood that the phraseology and terminology used herein is for 
the purpose of description and should not be regarded as limiting. The use of" including," 
"comprising," or "having" and variations thereof herein is meant to encompass the items listed 
thereafter and equivalents thereof as well as additional items. Unless specified or limited 
otherwise, the terms "mounted," "connected," "supported," and "coupled" and variations thereof 
are used broadly and encompass both direct and indirect mountings, connections, supports, and 
couplings. Further, "connected" and "coupled" are not restricted to physical or mechanical 
connections or couplings. 

[0017] Figs. 1 and 2 shows a self-contained refrigeration merchandiser 100 incorporating the 
invention. The merchandiser 100 is shown as an open-unit display merchandiser having a single 
display fixture 105. However, other types of merchandisers (e.g., a glass-door display 
merchandiser, a vending machine, a dispenser, etc.) can incorporate the invention. Also, it is 
envisioned that the merchandiser 100 can include more than one display fixture (e.g., is a 
combination merchandiser), and that some aspects of the invention can be used in non- 
merchandiser refrigeration units (e.g., a "home" refrigeration unit). 

[0018] With reference to Figs. 1 and 2, the merchandiser 100 includes a frame 1 10 
supporting the display fixture 105 and the components providing the refrigeration cycle 
(discussed below). As used herein, the term "frame" is broadly defined as something composed 
of parts fitted together and united. The frame 110 can include the housing of the unit, the one or 
more components of the refrigeration cycle, and/or the display fixture; and/or can provide the 
foundation for the housing, the one or more components of the refrigeration cycle, and/or the 
display fixture. The display fixture 105 comprises a cabinet, case, container or similar receptacle 
adapted to accommodate a commodity. The fixture 105 includes at least one surface 420 that at 
least partially defines an environmental space. For a "glass-door" display merchandiser, at least 
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one of the surfaces defining the environmental space is partially defined by a translucent 
material. 

[0019] Before proceeding further, it should be noted that for some merchandisers (e.g., some 
types of vending machines) and for some non-merchandiser refrigeration units (e.g., a "home 
refrigerator") the refrigeration unit does not include a display fixture. However, the refrigeration 
unit still includes at least one surface at least partially defining an environmental space. Also, 
the refrigeration unit 100 can include multiple environmental spaces. As used herein, the term 
"environmental space" is a three-dimensional space (defined at least in part by the at least one 
surface) where the environment is controlled by the refrigeration unit. For example, the 
merchandiser 100 of Figs. 1 and 2 consists of two environmental spaces 130 and 135, where the 
temperatures of the environmental spaces are controlled by the components of the refrigeration 
cycle. Other characteristics (e.g., humidity) of the environment spaces 130 and 135 can be 
controlled. 

[0020] It is also envisioned that, while the merchandiser 100 shown in Figs. 1 and 2 is a self- 
contained refrigeration unit, aspects of the invention can be used in units that are not self- 
contained units. As used herein, the term "self-contained refrigerated unit" means a refrigeration 
unit where the frame of the unit supports the compressor, the condenser, the expansion valve, 
and the evaporator. 

[0021] As best shown in Fig. 2, the components forming the refrigeration cycle comprises a 
linear compressor 140, a condenser 145, an expansion device 150 (also typically referred to as 
the expansion valve), and an evaporator 155, all of which are in fluid communication. Of course, 
the refrigeration cycle can include other components (e.g., Fig. 2 shows a receiver 158, a filter, 
etc.). 

[0022] During the refrigeration cycle, the compressor 140 compresses a refrigerant, resulting 
in the refrigerant increasing in temperature and pressure. The compressed refrigerant is sent out 
of the compressor 140 at a high-temperature, high-pressure heated gas. The refrigerant travels to 
the condenser 145. The condenser 145 changes the refrigerant from a high-temperature gas to a 
warm-temperature gas/liquid. Air and/or a liquid is used to help the condenser 145 with this 
transformation. For example and as shown in Figs. 2 and 3, a secondary fluid (e.g., a liquid) 
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provided by a fluid-input line 160 cools the condenser 145. A fluid-output line 165 discharges 
the fluid from the merchandiser 100, and a pump may be used to promote movement of the fluid. 
As will be discussed further below, the fluid can also be used to cool other components of the 
merchandiser 100. For other constructions, the merchandiser 100 can include a fan if the 
condenser 145 is air-cooled. However, a fan typically generates more acoustic noise than a 
liquid-cooled system, is less reliable than a liquid-cooled system, and if the condenser 145 is at 
the merchandiser 100, the moved air can raise the ambient air-temperature surrounding the 
merchandiser. 

[0023] Referring back to Fig. 2, the refrigerant then travels to an expansion device 1 50 (two 
valves are shown). If the refrigeration system includes a receiver 160 (as shown in Fig. 2), the 
refrigerant can be stored in the receiver prior to being provided to the expansion device 150. The 
high-pressure gas/liquid communicated from the expansion device 150 to the evaporator 155 
changes to a low-pressure gas. The expansion device 150 controls or meters the proper amount 
of refrigerant into the evaporator 155 (two evaporators are shown). The fluid enters the 
evaporator 155, which cools the environmental spaces 130 and 135. In some constructions, air 
and/or a liquid can be used with the evaporator 155 to promote this cooling action. Additionally, 
the design of the fixture 105 can promote the control of the environmental space. For example, 
the merchandiser 100 shown in Figs. 1 and 2 include fans 170 designed to move air of the 
environmental spaces 130 and 135 over the coils of the evaporators 155, and the design of the 
fixture results in an "air curtain" where the fixture 105 is permanently open. The cool refrigerant 
then re-enters the compressor 140 to be pressurized again and the cycle repeats. 

[0024] In one envisioned construction, the evaporator 155 is a finned evaporator, such as a 
Brazeway 44-pass evaporator manufactured by Brazeway, having a place of business in Adrian, 
Michigan, USA; the expansion device 150 is a thermostatic expansion valve, such as a Sporlan 
TEV model BISE-1/2C expansion valve manufactured by Sporlan Valve Company, having a 
place of business in Washington, Missouri; the condenser 145 is a brazed heat exchanger 
available from SWEP North America, Inc., having a place of business in Duluth, Georgia, USA; 
and the compressor 140 is a 60 Hz, 300 We input linear compressor obtainable from Sunpower, 
Inc., having a place of business in Athens, Ohio, USA. 
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[0025] As previously described, the merchandiser 100 includes a linear compressor 140. It is 
envisioned that, in some constructions, the linear compressor is a free-piston linear compressor, 
and in at least one envisioned construction, the free-piston linear compressor is a dual-opposing, 
free-piston linear compressor. A dual-opposing, free-piston linear compressor is obtainable from 
Sunpower, Inc., having a place of business in Athens, Ohio, USA. Another example of a dual- 
opposing, free-piston linear compressor is disclosed in U.S. Patent No. 6,641,377, issued 
November 4, 2003, the content of which is incorporated herein by reference. 

[0026] The free-piston linear compressor has some basic differences over conventional 
rotary compressors. The free-piston device is driven by a linear motor in a resonant fashion (like 
a spring-mass damper) as opposed to being driven by a rotary motor and mechanical linkage. 
One advantage with the linear drive is that the side loads are small, which greatly reduces 
friction and allows use of simple gas bearings or low- viscosity oil bearings. In addition, since 
friction has been greatly reduced, the mechanical efficiency of the device is greater, internal heat 
generation is lower, and acoustic noise is reduced. Additionally, inherent variable piston stroke 
allows for efficient capacity modulation over a wide range. In constructions having dual- 
opposing pistons, the pistons vibrate against each other (i.e., provide a mirrored system) to 
virtually cancel all vibration. This reduces the acoustic noise of the linear compressor even 
further than a single piston linear compressor. 

[0027] Figs. 4, 5, and 6 show three sectional views of a dual-opposing linear compressor 200 
capable of being used with the merchandiser 100. Fig. 4 shows the compressor 200 at an intake 
stroke, Fig. 5 shows the compressor 200 at neutral, and Fig. 6 shows the compressor 200 at a 
compression stroke. As shown in Figs. 4, 5, and 6, the dual-opposing linear compressor 200 
includes a housing 205 supporting a main body block 210. Inner and outer laminations 215 and 
220 are secured to the main body block 210 and coils 225 are wound on the outer laminations 
220, thereby resulting in stators. The stators, when energized, interact with magnet rings 227 
mounted on outer cylinders 230. The outer cylinders 230 are fastened to pistons 235, which are 
secured to springs 240. The interaction between the magnet rings 227 and the energized stators 
results in the outer cylinders 230 moving the pistons 235 linearly along the axis of reciprocation 
245. When the pistons 235 are at the intake stroke, refrigerant is allowed to flow from a suction 
port 250 through channels 255 into the compression space 260 (best shown in Fig. 4). When 
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moving from the intake stroke to the compression stroke, the channels are closed by valves 265 
(best shown in Fig. 5), and the refrigerant is compressed out through discharge valve 270 and 
discharge port 275 (best shown in Fig. 6). The linear motor allows for variable compression 
(e.g., from approximately thirty to one hundred percent) by the pistons 235, and therefore, the 
linear compressor 200 provides variable capacity control. In other words, the linear motors can 
cause the pistons to move a small stroke for a first volume, or to move a larger stroke for a 
second, larger volume. Accordingly, the merchandiser 100 allows for variable loads, decreases 
compressor cycling, and reduces temperature swings. 

[0028] In some constructions, the linear compressor 200 can include a jacket 280 (shown in 
phantom) enclosing at least a portion of the housing 205. The jacket includes a fluid-input port 
285 and a fluid-output port 290, and provides a plenum 300 containing a cooling fluid, thereby 
providing a fluid-cooled compressor. Other arrangements for cooling the compressor with a 
fluid are possible. 

[0029] An example of a compressor controller for use with the dual-opposing, free-piston 
linear compressor shown in Figs. 4-6 is disclosed in U.S. Patent No. 6,536,326, issued March 25, 
2003, the content of which is incorporated herein by reference. It is also possible for the coolant 
fluid to be used for cooling the controller 300 (best shown in Fig. 2). Similar to the linear 
compressor, a jacket having input and output ports can be used to surround a housing of the 
controller. 

[0030] As discussed earlier, the merchandiser 100 shown in Figs. 1 and 2 is a self-contained 
refrigeration unit. One of the benefits of a self-contained refrigeration unit is that the 
manufacturer can completely assemble the unit and charge the refrigerant at the factory. 
Assembling and charging the unit at the factory decreases the likelihood of a leak. Also, the self- 
contained merchandiser 100 uses less piping and refrigerant than the larger refrigeration systems. 

[0031] Referring again to Fig. 2, the merchandiser 100 includes a controller 300 that controls 
the merchandiser 100. The controller 300 includes one or more temperature sensors and/or one 
or more pressure sensors (only one sensor 302 is shown) coupled to the merchandiser. The 
controller 300 also includes a user input device. The controller 300 receives merchandiser input 
information (i.e., signals or data) from the sensor(s) 302, receives user input (e.g., temperature 



8 



Attorney Docket No. 047177-91 12 



settings) from the user input device, processes the inputs, and provides one or more outputs to 
control the merchandiser 100 (e.g., to control the compressor, control the expansion device, 
control a defrost system, etc.). 

[0032] For the merchandiser shown, the merchandiser controller 300 includes the 
compressor controller. However, the merchandiser controller 300 can be separated into multiple 
controllers (e.g., a controller for overall control and a compressor controller), which is typically 
referred to as a distributed control system. An example of a distributed control system is 
disclosed in U.S. Patent No. 6,647,735, issued November 18, 2003, the content of which is 
incorporated herein by reference. 

[0033] In one envisioned construction, the controller 300 includes one or more 
programmable devices (e.g., one or more microprocessors, one or more microcontrollers, etc.) 
and a memory. The memory, which can include multiple memory devices, includes program 
storage memory and data storage memory. The one or more programmable devices receive 
instructions, receive information (either directly or indirectly) from the devices in 
communication with the programmable devices, execute the instructions, process the 
information, and communicate outputs to the attached devices. 

[0034] The user-input device is shown in Figs. 1 and 2 as a user interface 305. The user- 
input device can be as simple as a thermostat dial. Other user-input devices include push- 
buttons, switches, keypads, a touch screen, etc. The user interface 305 also includes a user- 
output device (e.g., a LCD display, LEDs, etc.). It is also envisioned that the user interface 305 
can include connections for communication to other interfaces or computers. 

[0035] It is envisioned that the controller 300 can use at least one of a sensed pressure and a 
sensed temperature to control the compressor 140, the expansion device 150, and/or the fans 170. 
By controlling these components, the controller 300 thereby controls the temperature of the 
environmental space(s) 130 and 135 of the merchandiser 100. For example, the controller 300 
can include a temperature sensor that senses discharge air temperature. If the discharge air 
temperate is outside of a predetermined temperature range (e.g., set by an operator), the 
controller 300 can modulate or change the volume of the compressor 140 (e.g., increase or 
decrease the stroke of the pistons of the compressor 140). How the controller 300 changes the 
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compressor volume can be based on empirical test data. Other methods known to those skilled 
in the art for controlling the compressor 140 are possible. Other parameters used by the 
controller 300 for controlling the compressor 140 can include suction temperature, suction 
pressure, discharge pressure, evaporator air exit temperature, evaporator surface temperature, 
evaporator pressure, delta temperature between discharge and return air temperature, product 
zone temperatures, product simulator temperatures, and similar parameters. 

[0036] Various other features and advantages of the invention are set forth in the following 
claims. 
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